Design of an electronic system for positioning and navigation applied to an aircraft to scale. by Gomáriz Castro, Spartacus & Prat Tasias, Jordi
Instrumentation Viewpoint / 7 / Winter 11
Spartacus Gomàriz and Jordi Prat 
Escola Politècnica Superior d’Enginyeria de Vilanova i la Geltrú. Universitat Politècnica de Catalunya . Department of Electronic 
Engineering.  Avda. Victor Balaguer s/n. 08800 Vilanova i la Geltrú. Barcelona. Spain.  
DESIGN OF AN ELECTRONIC SYSTEM FOR POSITIONING AND 
NAVIGATION APPLIED TO AN AIRCRAFT TO SCALE
I. INTRODUCTION
One of the most important advances in the aviation industry and telecommu-
nications is the development of technology that allows aircrafts to fly autono-
mously, that is, without the need of human control in their navigation. These 
vehicles are known as UAVs (Unmaned Aerial Vehicle). The initial interest in this 
type of aircraft was given by military applications. Subsequently, the interest in 
these vehicles has been extended to applications for civilian use, given that they 
are highly useful for tasks in which the pilot could be at risk or for taskas with 
very high costs.  
Fig. 1 Civilian applications of UAVs grouped by fields
The objective of this project is the design, programming  and implementation 
of electronics needed for autonomous control of the aircraft to scale. In a first 
phase of the project, a telemetry link between the air segment and ground seg-
ment has been implemented. Moreover, in the design of electronic systems, 
their interconnection and power system which drives each component has been 
considered. Also, in the selection of these components, the requirements and 
restrictions of size and weight imposed by the aircraft have been considered. Fi-
nally, a graphical interface tool has been created to show the sensors that make 
the instrumentation system and flight control.
II. SYSTEM ARCHITECTURE OF THE UAV 
A UAV is a complex system that incorporates a range of elements that are 
grouped into systems; they make the UAV and are independent at development 
level but linked at functional level. Four systems make the architecture of the 
UAV designed:
 -Platform for Light.
 -Instrumentation system and automatic flight control. 
 -Communication system. 
 -Manual flight control system 
The interconnection of each one of the elements that form the UAV system are 
detailed in the diagram of fig 2, separating them according to air or ground seg-
ment including the Tracking Station. The axis of all the autonomous system is 
the standard CPU PC/104+ with a compact flash memory support. The PC/104 
will take care of the data storage received by the sensors (compass/tiltmeter 
and GPS receiver), and drive the actuators. This way the automatic control of 
the airplane model can be obtained. Nevertheless, due to the difficulty of the 
maneuvers of takeoff and landing of the airplane and for security reasons, a 
switching circuit has been designed, able to select, through a RC (Radio Control) 
transmitter channel, between the manual control and the automatic control of 
the airplane.
In the takeoff and landing stage, a pilot is in charge of the flight control, trans-
mitting the control signals of each servo in a manual way between the transmit-
ter and RC receiver. When the airplane has stability in the air, the switch can 
be driven to automatic. At this stage of navigation, the CPU will have to be in 
charge, in an independent way to drive the actuators, driven by the sensors and 
the programmed control system. This way, the UAV remains stable and has to be 
able to follow a previously fixed route recorded in the CPU. The data from the 
sensors in both stages of the flight (takeoff and landing stage) as in the naviga-
tion, are transmitted through a telemetry connection between radio-modems 
to the tracking station on ground. This tracking station cannot act on the behav-
ior of UAV and will be used to test the correct operation of all the system. 
III. UAV SYSTEM PROGRAMMING
It is essential to design a program able to read the data received by the radio-
modem located on ground segment that has been sent by the transmitting 
radio-modem located in the airplane (air segment). In addition, the program 
has to manage the received information and to display it to the user in a graphi-
cal way. This program has been called Tracking Station, whose user interface 
is detailed in fig 4. The telemetry data transmitted by the radio-modem con-
nection are the parameters from the instrumentation system and flight control 
sensors. They correspond to the electronic compass and GPS receiver. The in-
teresting data provided by the compass/tiltmeter are the course, the pitching, 
the balance and the temperature. Therefore, these four parameters have to be 
displayed to the user by the Tracking Station.
With regard to the GPS receiver, it is essential to know at any moment the posi-
tion of the UAV, by receiving the geographical coordinates.
Also, the altitude and the number of satellites detected are interesting, as the 
number of satellites detected determines the accuracy of the position. All these 
parameters are presented in the positioning menu of the tracking station. In ad-
dition, several geo-mappings have been implemented in order to observe at all 
times and clearly, the position.
Search and Rescue Natural disasters / Misions of rescue
Public Order Control of borders / Control of traffic / Crime  prevention
Cartography Aerial Photography / Research and Development
Enviroment Fire detection / Pollution detection / Meteorology /  
   Animal Surveillance 
Agriculture  Control of crops / Disease control / Herd control 
  Management of sluices / Irrigate fields 
Security  Events / High Voltage lines / crowd control  
Communication Transmissions
The monitoring station processes 
the data received by the electronic 
compass and the GPS receiver si-
multaneously
IV. CONCLUSIONS
At the end of the first phase of this 
project, a system composed of a 
flying platform, which is capable of 
transmitting data on the aircraft po-
sition and altitude to the monitor-
ing station, has been obtained. The 
second phase will develop and test 
control programs appropriate for 
achieving the ultimate goal which 
is autonomous flight routes previ-
ously scheduled.
Figure 2: Diagram of interconnections Figure 3: Components of each system board
